Because of the absence of sedimentary basins in the center of the supercontinent Gondwana, 69 sedimentological studies also fail to precisely constrain the geometry of the retreating ice sheet (e.g. 70 Loi et al., 2010) . Available data demonstrate that the ice front first retreated over North Africa 71 (Ghienne et al., 2007; Moreau et al., 2011) while ice centers persisted over South America (Díaz-72 Martínez et al., 2011) , but this remains difficult to reconcile with the location of the South Pole on 73 latest paleogeographical reconstructions (Stampfli et al., 2013; Torsvik and Cocks, 2013; Hayton et al., 74 2017). Moreover, coupled climate-ice-sheet models available so far cannot be reasonably used to 75 simulate the melting of continental-scale ice sheets due to hysteresis issues (Pohl et al., 2016) . We 76 therefore follow previous studies in assuming a theoretical deglaciation scenario with land-ice 77 volumes linearly decreasing to zero over the duration of the deglaciation (∆T) (Creveling and 78 Mitrovica, 2014) (Video S1). In the lack of a robust alternative, this constitutes a conservative choice. 79 A sensitivity test to the geometry of the retreating ice front is further conducted below (Section 3.4). 
S2. Decomposition of the sea-level signal

82
In order to better explain the geographic variability associated with late Ordovician ice-sheet collapse 83 we decompose the sea-level signal into its different contributions. We first consider the effect of the 84 migration of Earth's rotation axis (Fig. S2) . Calculating sea-level changes on a non-rotating Earth 85 ( Fig. S2C, D) , i.e. neglecting rotational effects, results in a sea-level signal that lacks the quadrantal 86 sea-level signal, which is prominent in the baseline run (Fig. S2A, B) . As discussed in the main text, 87 this pattern is a consequence of polar motion in response to surface mass changes (Mitrovica and 88 Wahr, 2011).
90
Next we consider the sea-level signal on a non-rotating Earth and decompose it into two 91 geographically varying components: sea-level changes associated with viscoelastic rebound and the 92 gravity signal thereof (Fig. S3C, D) , and sea-level changes associated with changes in gravity due to 93 ice and ocean mass variability (Fig. S3E, F) . In addition to these signals there is a constant offset of 94 the gravitational equipotential due to the addition of water masses to the ocean, which leads to a 95 globally uniform sea-level rise (not shown in Fig. S3 ). In areas of glacial rebound, sea-level falls due 96 to the uplifting solid surface (Fig. S3C, D) . Subsidence (and associated sea-level rise) of the peripheral 97 bulge is at first broad and low in amplitude (Fig. S3C ) but localizes to the periphery of the ice sheet 98 and increases in amplitude during the ongoing viscoelastic decay (Fig. S3D) . In addition to the 99 response of the Earth's gravity field to changes in the solid Earth (which is part of the signal shown in 100 Fig. S3C, D) , the gravity field is also affected by changes in the ice and ocean mass. Sea-level moves 101 away from the melting ice sheet during the deglaciation due a loss of gravitational attraction leading to 102 a local sea-level fall in those areas (Fig. S3E) . Once the ice sheet has decayed, the response to ocean 103 mass changes is relatively small (Fig. S3F ).
104
S3. Sensitivity tests of our results to uncertain model input
106
S3.1 Sensitivity to the duration of deglaciation
107
The duration required for the Hirnantian ice sheet to retreat over Gondwana is unknown. In our 108 baseline simulation, we considered that the demise of the ice sheet extending to the mid-latitudes over 109 Gondwana during the Hirnantian may have been comparable to the retreat of the Laurentide ice sheet 110 (see Peltier et al., 2015) that reached 40° N over North America during the last glaciation. We 111 therefore imposed a duration of ∆T = 5 kyrs for the deglaciation. The hypothesis of a rapid post-112 glacial sea-level rise during the late Hirnantian is supported by sedimentological studies (e.g.,
113
Brenchley and Newall, 1980; Ghienne et al., 2014) . Brenchley and Newall (1980), in particular, 114 conducted facies analysis of a sedimentary section from the Oslo region, Norway (Baltic Platform).
115
They estimated that the lack of evidence for reworking of the pre-existing sediments and the thinness 116 of the sand sheet spread over the area during the transgression were indicative of the rapidity of the 117 transgression.
118
Here we present additional simulations for ∆T varying from 10 to 200 kyrs. Figure S4 In our baseline run we considered that the Gondwana ice sheet melted completely. In order to explore 164 the possibility of the persistence of significant ice volumes during the Early Silurian, we model the 165 impact of a partial deglaciation. Recent work demonstrates only two stable states for the Ordovician 166 ice sheet, the latter extending to the mid-latitudes or reaching the tropical latitudes (Pohl et al., 2016) . 167 The sole partial deglaciation scenario permitted by these models is therefore a retreat of the ice sheet 168 from the tropics to the mid-latitudes. Figure S8 The drop in relative sea-level simulated at the beginning of the deglaciation phase at the red and light 205 gray sites under this scenario is seen in field data and has generally been assumed to represent post-206 glacial rebound (e.g., Denis et al., 2007; Ghienne et al. 2007 ). However, our baseline run suggests that 207 isostatic rebound in a synchronous ice retreat scenario is not sufficient to produce a local sea-level fall 208 followed by a rise in North Africa. In the model, an asynchronous deglaciation with a retreat of the 209 land-ice front over North Africa followed by the collapse of a larger ice sheet is necessary (Fig. 2, Fig.   210 S10). At ice-proximal sites (e.g., the red site), a significant effect is then the drop in gravitational 211 attraction that adds to the isostatic rebound (Fig. S9B) .
212
S3.5 Sensitivity to the Earth properties
213 Figure S11 shows the fingerprints of sea-level change computed for two alternative Earth models 214 characterized by a thinner lithosphere (Fig. S11A ) and a stiffer lower mantle (Fig. S11B ). 
S4. Geological estimates of the glacio-eustatic sea-level rise
237
In an attempt to compare simulated sea-level variations with absolute values deduced from the 238 geological record, we included several data points in Fig. 1A . Individual values are provided in 239 Table S1 . 240 Three main methods were used to provide these estimates. Johnson et al. (1998) (Loi et al., 2010; Dabard et al., 2015), 277 ideally in the area that is the most representative of the eustatic mean (see Fig. 3 , Videos S2 and S3). 1A and Table S1 ). Subaerial landmasses at the end of the deglaciation are drawn in white and 541 contoured with a thick black line. Table S1 : Published estimates of the deglacial sea-level rise. See Fig. 1A for point identifiers (1-11). 
